This research work applies Scheffe's second degree simplex theory to formulate a regression model for the optimization of the compressive strength of sandcrete blocks using cassava peel ash (CPA) blended Portland cement (OPC) as binder material for different mix ratios as multivariate functions with the proportions of the sandcrete block ingredients serving as variables.
INTRODUCTION
Predictive modeling is the name given to a collection of mathematical techniques employed to derive mathematical relationships that are generated using experimental data between a dependent variable and a number of independent variables with the sole aim of measuring and inserting the values of the predators into the model to predict or determine the value of the target variable within the shortest possible time [1] . Thus the use of predictive modeling saves time, energy and resources [1] .
Mathematical modeling has found various applications in concrete technology, the commonest being the application of predictive models like those derived from Henry Scheffe's mixture models to predict concrete properties like strength [2] [3] [4] [5] [6] . Scheffe's mixture model is a single step multiple comparison
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procedure which applies to a set of estimates of all possible contrasts among the factor level means [7] . The model's accuracy can be tested using the student t-test, Fisher's test or other statistical tools.
Concrete and concrete based materials are used extensively in the construction industry and it is generally required that the strength of these products be tested after 28 days curing before they are used. The use of predictive models saves this time by making use of date from previous experimentations to predict target strengths given the water binder ratio and vice versa, which translates to saving of resources.
Sandcrete blocks are building units that are used in the construction of walls and partitions and are usually hollow blocks of varying dimensions, the main constituents being cement, sand and water with the cement acting as the binder. Cement is the most expensive of these constituents and thus reducing the cost of the binder will lead to the reduction in the overall cost of construction. Secondary cementitious materials, known as pozzolana have been used successfully in partial replacement of OPC as binder material in concrete, mortar and the production of sandcrete blocks [8] [9] [10] [11] . The pozzolanic properties of CPA have been reported by a number of researchers who have used it successfully in partial replacement of OPC [12] [13] [14] . Its use in concrete improves concrete workability, strength and other desirable properties.
In this present work, a predictive model is developed to determine the compressive strength of sandcrete blocks when an OPC-CPA blend is used as binder. The level of replacement of OPC with CPA is between 0 and 30% and a water binder ratio of between 0.45 and 0.6 is used. The model is developed from Scheffe's (4, 2) simplex design for a four component factor space and its reliability tested using the student t-test.
MATERIALS AND METHODS

Materials
The materials used for this research include cassava peels, cement, fine aggregates (sand) and water.
1. Cassava peels: These were collected from a cassava processing mill in Makurdi, Benue state, Nigeria. 2. Fine Aggregates: The fine aggregates used for this research work is river sand, collected from river Benue in Makurdi. 3. Cement: The cement used is grade 42.5 ordinary Portland cement produced by Dangote cement industries plc at the Gboko plant, in Benue state. It was purchased from a retailer in Makurdi. 4. Water: portable water obtained from the water works of the University of Agriculture Makurdi was used for both the production and curing of the blocks.
Methodology
The methodology for the research work was divided into three parts, viz; characterization of the materials used, production and testing of sandcrete blocks and model development.
In the first part, the materials used for the research work were characterized for specific gravity, setting times, consistency, moisture content, grain size analysis and oxide composition in accordance with the provisions of BS812, BS4550, BS12 and other relevant codes. The CPA used was obtained by calcining cassava peels in a muffle furnace (Calbolite model CWF1400) at 600 o C for 2 hours.
The second part of the experimental program involved casting, curing and crushing of 90 number of 450x225x150 non-load bearing sandcrete blocks using OPC-CPA blend at 0, 5, 10, 15, 20, 25 and 30% replacement of OPC with CPA respectively and a water-binder ratios of between 0.45 and 0.6 and a binder aggregate ratio of 0.8. Manual molding was employed and the blocks cured in water for 28 days after which destructive compressive strength tests were performed on them accordingly to obtain the experimental values of the compressive strength used for the model development.
The final part of the experimental program involve the development of the optimization model for the four component (4, 2) factor space using Scheffe's mixture method for a second degree polynomial and testing the accuracy of the model using the student t-test.
RESULTS AND DISCUSSIONS
Preliminary Investigations
The result of material characterization is presented in tables 1 and 2 and figure 1. The result of the particle size distribution of the fine aggregate used in the research is presented in figure  1 . The result of the characterization of the materials presented in tables 1 and 2 and figure 1 indicates that the materials used for this research meet the specifications of the relevant codes for construction materials. The CPA meets the requirement of ASTM C618 for pozzolanic materials. Table 3 gives the result of the water absorption and compressive strength of the sandcrete blocks at 28 days of curing. 
Tests on Sandcrete Blocks
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Where Ɣ = 0 + + Ɣ = − − Eqn. (9) can be written as eqn. (10) 
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Let be the compressive strength of the pure components (i.e. first four mix ratios) and of the mixture (remaining six mix ratios). Substituting for and and the corresponding pseudo mix ratios into eqn. (10) gives respectively
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Re-arranging eqn. (11) and (12) gives (15) Multiplying eqn. 3 by 2, subtracting 1 from both sides and re-arranging, we have
Using the same logic, 
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Where, are the coefficients of response and pseudo components of the mix respectively.
Equation 20 is the Scheffe's optimization or the response function for the optimization of the compressive strength of sandcrete blocks (using OPC-CPA blend as binder) consisting of four components.
Model Optimization
Scheffe ( 
Model Validation
The validation of the second degree polynomial model was carried out using the student t-test at 95% accuracy level. The two hypotheses tested are that:
(a) There is no significant difference between the experimental values of the compressive strength of the sandcrete blocks and the predicted values from the model at 95% accuracy. This is the null hypothesis (h0).
(b) There is a significant difference between the experimental values of the compressive strength of the sandcrete blocks and the predicted values from the model at 95% accuracy. This is the alternate hypothesis (h1). The result is presented in table 6. Since < , we accept the null hypothesis and reject the alternate hypothesis.
CONCLUSIONS
The following conclusions are made from the strength of this research work:
